During medical examinations, doctors regularly investigate a patient's somatosensory system by approaching the patient with a medical device (e.g. Von Frey hairs, algometer) or with their hands. It is assumed that the obtained results reflect the true capacities of the somatosensory system. However, evidence from crossmodal spatial research suggests that sensory experiences in one modality (e.g. touch) can be influenced by concurrent information from other modalities (e.g. vision), especially near the body (i.e. in peripersonal space). Hence, we hypothesized that seeing someone approaching your body could alter tactile sensitivity in that body-part. In the In Vivo Approaching Object (IVAO) paradigm, participants detected and localized threshold-level vibrotactile stimuli administered on the left of right hand (= tactile targets). In Experiment 1, this was always preceded by the experimenter approaching the same (congruent trials) or the other (incongruent trials) hand with a pen (= visual cue). In Experiment 2, a condition was added in which a point further away from the hands (also left vs. right) was approached. Response Accuracy was calculated for congruent and incongruent trials (Experiment 1 & 2) and compared between the close and far condition (Experiment 2). As expected, Response Accuracy was higher in congruent trials compared to incongruent trials, but only near the body. As a result, evidence was found for a crossmodal interaction effect between visual and tactile information in peripersonal space. These results suggest that somatosensory evaluations -both medical or research-based -may be biased by viewing an object approaching the body.
INTRODUCTION
Imagine undergoing a medical examination, such as pressure algometry. Would your response be affected by seeing the doctor approaching you with the algometer? Health care providers often approach and touch the patient with testing devices such as von Frey hairs, algometers, or with their hands. These tests are often part of daily clinical practice but may also be part of specialized sensory evaluation such as the Quantitative Sensory Testing (QST) in patients with neuropathic pain. When these patients are approached and tested, they usually report upon the experience elicited by reporting the presence of the sensation, or rating the sensation (e.g. pain on a visual analogue scale). The assumption is that these reports reflect the capacity of the somatosensory system. However, such examinations do not consist only of somatosensory input. While approaching the body, also visual and possibly auditory information is present. It may well be that the integration of information from several perceptual modalities contributes to the experience of the patient.
This idea of crossmodal interactions has been the subject of extensive research in humans and animals [1] [2] [3] . In a typical study of Spence et al. [2] , participants were faster and more accurate in making speeded discriminations of tactile targets on the hand when a visual stimulus was presented on the same hand, as opposed to the other hand. Electrophysiological and neuroimaging studies have also confirmed crossmodal links in spatial attention [4] [5] [6] [7] . For example, Sambo and Forster [8] recorded somatosensory evoked potentials of increased magnitude when the tactile stimuli applied to one hand were presented concomitantly with a visual cue near that hand. Multisensory interactions have also been proposed for pain, which would facilitate the localization of painful stimuli in close proximity to the body [9, 10] . De Paepe et al. [11] have shown that judgment about the detection of nociceptive stimuli is facilitated by visual stimuli delivered close to the body part on which is applied the nociceptive stimuli.
It seems reasonable to hypothesize that the visual information resulting from an object approaching a body part in close proximity will facilitate the somatosensory processing of that body part. There is some evidence in support of this idea [12] , but no study has investigated visuo-tactile interactions in situations resembling clinical and/or QST practices. Therefore, we developed the "In Vivo Approaching Object paradigm", which mimics clinical examinations but also allows for experimental control over stimulus delivery. During each trial, a pen was directed by the experimenter towards a hand of the participant. Once in close proximity to the hand, a vibrotactile stimulus (at sub-or supra-threshold) was delivered to either the approached hand (congruent trials) or the other hand (incongruent trials). The participants' ability to accurately detect and locate the vibrotactile stimulus was measured. In Experiment 1, the pen was directed towards the proximal space of one of the hands. Experiment 2 extended Experiment 1 by also including a condition in which the object was directed towards a location at a further distance from the hands. It was expected that detection accuracy would be higher for congruent than incongruent trials, especially when the pen approached the proximal space of the hand, as opposed to a location at a further distance from it.
EXPERIMENT 1

METHOD
Participants
Thirty undergraduate students took part for course credits (age: M = 21.00; SD = 5.59; range = 17-43 years; 3 men; 5 left handed). Exclusion criteria were insufficiently corrected visual impairments, the self-report of current medical/psychiatric conditions, or current medication intake affecting somatosensory sensitivity. None of the participants had to be excluded. The study was approved by the Ethics Committee of Ghent University. All participants gave their written informed consent.
Stimuli and apparatus
During the In Vivo Approaching Object (IVAO) task, participants were seated with their hands, palms down, resting on a table (see Figure 1 ). Two square metal plates (± 4cm²) were used as electrical contacts. They were attached to the table, 50cm apart from each other and positioned between the thumb and index finger of each hand. The distance between the edge of the tablenear the participant's trunk -and the plates was 30cm. At a distance of 55cm in front of the edge of the table and ~35cm apart from each metal plate, a black fixation cross was presented on the table to prevent participants from shifting their gaze during the task. The participant's head was fixed using a chin wrest. Headphones with continuous white noise (46dB) were used to mask auditory stimuli from the immediate environment. The experimenter was sitting on the other side of the table, at a distance of approximately 1 meter, facing the participant.
Visual stimuli
A black pen was held by the experimenter and served as a visual stimulus. The experimenter (LV) held the pen in her left or right hand, and smoothly moved her arm towards one of the two metal plates near the participant's hands, and finally tapped the metal plate. She then moved back to the starting position of the movement. Depending on the plate that had to be approached (left or right), the arm closest to that side was used to perform the movement.
Tapping the plate triggered the delivery of a tactile stimulus after a time interval of 2ms.
Vibrotactile stimuli
Two magnet linear actuators (C-2 TACTOR, Engineering Acoustics Inc., Casselberry, Florida) were attached to the sensory territory of the superficial radial nerve of each hand and released vibrotactile stimuli (50ms duration; 50Hz). The actuators were driven by a selfdeveloped controlling device and software. The intensities of the vibrotactile stimuli were near the perceptual threshold, which was individually determined using an adaptive procedure. The procedure has been used in previous studies [13, 14] . The procedure consisted of four independent yet randomly intermixed staircases of 20 trials (two series for each hand) randomly administered (80 trials in total). Each series had a starting value of 0.068Watt (W) for the first stimulus. The intensity decreased each time the participants reported feeling the stimulus, and increased when no sensation was reported. The perceptual threshold was determined for each hand, based upon the mean intensity of the last stimulus of each of the two series of that particular hand. Subthreshold and supra-threshold values were calculated for each hand by respectively subtracting one eighth from the perceptual threshold value, or adding one eighth to it (see [15] ).
Self-report measures
Participants completed a socio-demographic questionnaire also consisting of the pain grading scale [16] , allowing the classification of participants as a function of experienced pain and disability during the last 6 months. Also, current treatment for medical or psychiatric conditions, medication intake and perceived health quality were assessed. Participants also completed the Dutch versions of the Pain Catastrophizing Scale (PCS; [17] ) and of the Trait scale of the State-Trait Anxiety Inventory (STAI; [18] ). The PCS and the STAI were included for a meta-analytic investigation on the role of individual differences in studies on this topic.
Individual studies often lack the statistical power to reveal precise estimations of such effects, and hence these data will not further be discussed, but can be requested by addressing the authors.
After each block, a series of self-report items assessed to what extent participants made an effort to fulfill the task; were concentrated on the task; felt tense/fearful during the task; directed their attention towards the pen and the tactile stimuli; experienced the pen as threatening; and used the pen to predict the location of the tactile targets. Each item was rated using a 11-point graphic rating scale (0 = "not at all"; 10 = "very much").
Procedure
Participants started with filling out the socio-demographic questionnaire, the PCS and the STAI, after which the staircase procedure followed. Participants were instructed to lay their arms on the table and to find a comfortable position by having the chin wrest and their chair adjusted.
A computer screen was placed in front of the participant and instructions about the staircase procedure were given. Following this, the headphones were turned on and the staircase procedure started. First, a visual stimulus (a letter X, 1000ms duration) appeared in the middle of a computer screen, accompanied by a vibrotactile stimulus either on the left or right hand (position unknown to the participant). Participants verbally reported whether they had felt a vibrotactile stimulus ("yes" or "no"). Responses were manually inserted by the experimenter on a keyboard.
When the staircase procedure was finished, the computer screen and the headphones were removed. Then, the experimenter calculated the sub-and supra-threshold intensities.
During the In Vivo Approaching Object (IVAO) task, participants were instructed to keep their hands in a way that each metal plate was positioned between thumb and index finger, and was not being touched (see Figure 1 ). Participants were also told to fixate the fixation cross during each block. Each trial started by the experimenter approaching the participant's left or right hand with the pen (visual cue), tapping the metal plate next to the hand, and moving the pen back to its original position (near the experimenter's trunk). The experimenter was trained to perform this movement in a standardized manner (~1s approach and ~1s retraction).
Simultaneously with the tapping, a sub-threshold or supra-threshold vibrotactile stimulus on one or both hands was triggered in 75% of the trials (target trials). In the remaining 25% of the trials no stimulus was presented (catch trials). The vibrotactile target could be presented on the same side as the visual cue (congruent unilateral target trials), on the opposite side (incongruent unilateral target trials), or on both sides (bilateral targets trials). Participants verbally responded whether they felt a tactile stimulus, and if so, on which hand (left, right or bilaterally). The four possible responses, i.e. "no sensation", "left sensation", "right sensation", "sensations on both sides", were manually inserted on the keyboard by the experimenter (0 = "no sensation"; 4 = "left sensation"; 6 = "right sensation"; 5 = "sensation on both sides"). Instructions about which hand to approach were visible on a computer screen in front of the experimenter but were masked from the participant's view. The experimenter, however, was blind as to which type of trial (congruent vs. incongruent) was running.
A total of 256 trials was presented, divided across 4 blocks of 64 trials. Each block consisted of 16 catch trials, 16 congruent unilateral trials, 16 incongruent unilateral trials, and 16 bilateral trials. All four types of trials were presented randomly. The majority (75%) of the target trials had a stimulus of sub-threshold intensity (i.e. 36 trials), whereas 25% had a stimulus with an intensity slightly above the perceptual threshold (i.e. 12 trials). Supra-threshold targets were presented in order to provide participants a sense of mastery over the task. Catch trials and bilateral trials were added to minimize strategic guessing and to maintain attention to the task. In sum, there were 16 observations (4 trials x 4 blocks) per condition for supra-threshold tactile targets and 48 observations (12 trials x 4 blocks) per condition for sub-threshold targets.
Participants completed the self-report items after each block.
Analyses
Analyses were conducted on Response Accuracy (binomial: correct vs. incorrect) during the unilateral tactile targets. Catch trials and bilateral target trials were discarded. A response was considered as correct when the vibrotactile stimulus was correctly perceived and correctly localized. The independent variables (all within-subject variables) were the Congruency (congruent vs. incongruent) between visual and tactile stimuli, and the Intensity (sub-threshold vs. supra-threshold) of the tactile stimuli.
In order to investigate the effect of Congruency and Intensity upon Response Accuracy, results were analyzed using a linear mixed-effects model with a logit link function, as implemented in the R package lme4 [19] . Mixed effects models account for the correlations in within-subjects data by estimating subject-specific deviations (or random effects) from each population-level factor (or fixed factor) of interest (see [20] for an elaboration).
The analysis consisted of three steps. First, all relevant factors and interactions were entered in the model as fixed factors, and we assessed whether it was necessary to add a random effect for each of the fixed factors in the analysis: if a random effect significantly increased the fit of the model, it was included in the final model (see Supplementary File 1, illustrating the building of the full model). By default, a random effect was added introducing adjustments to the intercept of the Subject variable. In the second step, we searched for the most parsimonious model that fitted the data. To achieve this, the full model was systematically restricted, comparing the goodness of fit using likelihood ratio tests and Akaike's information criterion [21] (see Supplementary File 2, showing the restricting of the full model). As we were interested in all included variables, fixed effects were never removed from the model. Finally, in the third step, we inspected the ANOVA table of the final model, and tested specific hypotheses about possible main effects or interactions (for a similar approach see [22] [23] [24] ) (see Supplementary File 3,  showing the ANOVA table of the final model).
RESULTS
Staircase
The mean value for the perceptual threshold was significantly different between the left 
Self-report measures
Participants reported to be highly concentrated (M = 7.49; SD = 1.35) and to have put much effort to the task (M = 8.09; SD = 1.11). Also, participants reported not to be tense/fearful during the task (M = 1.49; SD = 1.62). The self-reported attention directed towards the tactile targets was high (M = 8.61, SD = 0.87), whereas attention towards the pen was rather low (M = 2.78, SD = 1.90). In addition, participants reported not having used the position of the pen to predict the tactile target (M = 1.03, SD = 1.48), nor was it experienced as being threatening (M = 0.90, SD = 1.27).
Response accuracy to vibrotactile stimuli
The model that demonstrated the best fit included only the main effects of the fixed factors, a random subject-based intercept, and a random effect both for Intensity and Congruency. 
DISCUSSION
Experiment 1 shows that Response Accuracy, i.e. the ability to perceive and correctly localize the vibrotactile stimuli, was higher when the target location of the approaching visual cue was congruent with the tactile stimulation, as opposed to when it was incongruent. In other words, tactile processing was facilitated at the hand that was approached by the pen. Because in Experiment 1 all visual cues were presented in close proximity to the hands, it was not possible to determine whether the visuo-tactile spatial congruency effect resulted from a crossmodal processing facilitation due to the visual object approaching the proximal location of the stimulated limb, or whether it merely resulted from a response priming effect (i.e. cueing the left vs. right hemi-space primes a response related to that particular hemi-space; see Spence and
Driver 1997 for comments on this issue). Therefore, in Experiment 2, the distance of the visual cues towards the hands was manipulated, resulting in an approaching movement close to the participant's hand (i.e. peripersonal space) or far from it (i.e. extrapersonal space). were included for further analysis. The study was approved by the Ethics Committee of Ghent University. All participants gave their written informed consent.
EXPERIMENT
Stimuli and apparatus
Stimuli, apparatus, set-up and procedure were similar as in Experiment 1. The main difference was that four -instead of two -metal plates were attached to the table. Two plates were positioned between the thumb and index finger (close plates). Two additional plates were placed further away in front of the participants, at 50 cm from the close plates on the same sagittal line (far plates) (see Figure 3 ).
3.1.2.1.Visual stimuli
The same pen was held by the experimenter as a visual stimulus. Now, the pen could approach four different locations defined by respective positions of the two close and the two far contact plates.
3.1.2.2.Vibrotactile stimuli
The parameters of the vibrotactile stimuli were the same as in Experiment 1, including the staircase procedure to select stimulus intensity.
Self-report measures.
The questionnaires and self-report measures were identical to those in Experiment 1.
Procedure
The procedure for the self-report measures and the staircase of Experiment 2 were the same as in Experiment 1. The IVAO task was also identical for the stimulation blocks during which the close plates were approached and contacted by the pen. During the other blocks with the far plates, the experimenter was sitting 50 cm further away from the participants in order to maintain the same distance for the approaching movement. The experimenter was also trained to keep about the same speed of movement between the two types of blocks.
In this experiment, 384 trials, divided into six blocks of 64 trials, were presented. Which plate was to be approached and touched (close vs. far) alternated between blocks. The order of the blocks was randomly assigned. In each block, there were 16 catch trials, 16 congruent unilateral target trials, 16 incongruent unilateral target trials and 16 bilateral target trials (randomly presented). The proportion of 25% of the stimuli at supra-threshold intensity and 75%
at sub-threshold intensity was identical as in Experiment 1, resulting in 12 supra-threshold and 36 sub-threshold trials. The number of observations per condition was 12 (4 trials x 3 identical blocks) for supra-threshold targets, and 36 (12 trials x 3 identical blocks) for sub-threshold targets.
Analyses
Similar analyses as in Experiment 1 were performed. Response Accuracy was analyzed using a linear mixed-effects model with Congruency (congruent vs. incongruent), Cue Distance (close vs. far) and Intensity (low vs. high) as independent within-subjects variables. Follow-up analyses were used when appropriate (see Supplementary Files 4-6, illustrating the model building procedure).
RESULTS
Staircase
Perceptual 
Self-report measures
Results from the self-report measures were similar to Experiment 1. The amount of effort 
Response Accuracy for vibrotactile stimuli
The model that demonstrated the best fit included the main effects of the fixed factors, an interaction between Congruency and Distance, a random subject-based intercept, and a random effect for Intensity, Congruency and Distance.
We found a significant main effect of Congruency 
DISCUSSION
In Experiment 2, the visuo-tactile congruency effect from Experiment 1 was replicated:
Response Accuracy was higher when the visual and tactile stimuli were presented on the same location (congruent), compared to the opposite location (incongruent). Moreover, we found that this visuo-tactile spatial interaction was only significant when visual cues were presented nearas opposed to far from the stimulated hands.
GENERAL DISCUSSION
This study investigated whether viewing someone approaching your body alters the perception of a co-occurring tactile stimulus. It was found that the detection accuracy of nearthreshold vibrotactile targets on the hands was higher for the visually cued (i.e. approached) hand as compared to the opposite hand (Experiment 1). Moreover, Experiment 2 revealed that this visuo-tactile spatial congruency effect was only present when the pen approached the hand in close proximity (peripersonal space). It was not present when the pen was further away from the hands.
These results are in line with several studies demonstrating the influence of crossmodal interaction on the processing of somatosensory stimuli [2, 25] . However, in most of those studies static -as opposed to dynamic -visual stimuli have been used, reducing the generalizability to real-life (clinical) situations. Yet, since an important function lies within localizing stimuli events surrounding the body, it seems reasonable that stimuli approaching the body require full attentional processing. Therefore, this study has investigated and confirmed the enhancing effect of approaching (i.e. dynamic) visual stimuli on tactile sensitivity. The latter might especially be important for health care providers, performing somatosensory examinations on patients by approaching them with a measuring device or with their hands. For example, during the examination of neuropathic pain, quantitative sensory testing (QST) is a well-used diagnostic tool that requires approaching a patient while measuring sensory symptoms. Also, when doctors verify the diagnosis of complex regional pain syndrome, they need to assess a series of (sensory) symptoms (e.g. hyperesthesia) by approaching and touching the affected hand (e.g. with a von
Frey filament or algometer) [26, 27] . In these cases, approaching the patient might lead to a momentary increased sensitivity for touch, and thereby to an overestimation of the evaluated symptom. Based on this study, it is not yet possible to determine the magnitude of this increased sensitivity nor to conclude that it could effectively lead to misdiagnosis. However, it may be useful for clinicians to be aware of this phenomenon and to take it into account when conducting somatosensory evaluations on patients. For example, doctors could choose to instruct patients to close their eyes while being examined, to prevent visual feedback [28] .
During the last decades, researchers have gained interest in the interaction between visual and somatosensory information near the body. Several authors have proposed that when encountering a stimulus event surrounding the body, combining information from the different senses (i.e. crossmodal interactions) might provide the best estimate of the external event [3, 25, 29] . Researchers have conducted extensive behavioral, as well as electrophysiological and brain imaging research to support this notion [3] [4] [5] [6] [7] . There it was also found that these crossmodal influences mainly take place near the body [30, 31] , in the so-called peripersonal space [32] .
Kandula, Hofman and Dijkerman [33] explain that information coming from peripersonal space can be of higher significance in terms of processing as: i) this region is the only space surrounding the body in which stimuli can be interacted with; ii) stimuli in this region (close to the body) could be potentially more harmful for the body's integrity. Our results corroborate these findings. Which neural/psychological mechanisms underlie these findings is still subject of investigation. There are at least three possible explanations (see review in [34] ).
First, our findings may be explained by spatial attention, meaning that the perception of a stimulus in one modality will attract attention towards its location, increasing the chance of nearby stimuli from other modalities being detected [34] . Apart from this rather bottom-up approach to spatial attention, a top-down anticipatory component might also increase attention towards the approached body part. A recent study [33] has suggested that a prediction mechanism underlies the effect of approaching visual stimuli on temporal/spatial tactile judgments.
Accordingly, participants in our study could have been hard-wired to anticipate the occurrence of a tactile stimulus on their approached hand, even if this was only the case in a minority of the trials (25% congruent unilateral target trials and 25% bilateral target trials). This top-down anticipation may then have evoked heightened spatial attention to the location of the approached body part, resulting in higher detection accuracy.
Second, stimulus-driven 'multisensory integration' may as well lay at the foundation of crossmodal interaction effects. This implies that information from different sensory modalities is processed in unity, as if it were originating from a common source of input, provided that these multiple sources of input correspond in both time and space [34] .
A third and related explanation originates from animal studies demonstrating visuo-tactile integration near the body at the single-neuron level [12, [35] [36] [37] [38] . Neurons in brain areas such as the ventral premotor area and the ventral intraparietal sulcus have been shown to process inputs from different sensory modalities [12, [37] [38] [39] . More specifically, neurons in this region are found to have multimodal receptive fields (RFs), meaning that they respond to stimuli from different modalities who are present within a common region of space on and/or around the body.
Graziano et al. [39] , for example, have demonstrated that bimodal neurons from the ventral premotor cortex in monkeys fire for both tactile and visual stimuli when visual stimuli are in proximity to the tactile RF. Especially visual stimuli approaching the body were found to be targeted by these bimodal neurons [12, 39] . One of the key features of these neurons is that their visual RF is spatially locked to the tactile RFs, meaning that they move in space with the body part the code, independently of the position of the triggering visual stimuli on the retina. This functional property of bimodal neurons might explain why participants in our study were better in detecting tactile targets who were accompanied by a visual cue in the peri-hand space (congruent-close unilateral target trials) as compared to the contralateral hemi-space (incongruent-close unilateral target trials) and the extrapersonal space (far unilateral target trials).
Additional research is needed to determine which of these underlying mechanisms is responsible for the increased tactile sensitivity after visual approach.
There are some limitations to this study. First, the approaching movement was not mechanically standardized. Therefore, the exact duration and trajectory of the stimulus could have slightly differed between trials. Second, the use of an ecologically valid stimulus such as an approaching hand has some disadvantages. Although our studies show that approaching someone with real hands has particular effects, we have less control over potentially confounding effects, such as, for example, the increasing size of an approaching object on the retina. However, despite the fact the retinal size of visual stimuli are usually controlled in experimental settings, this effect is unlikely to have played a major role in our date since it was shown there is no strict scaling relationship between retinal image size and the importance of its perception. For instance Murray et al. [40] have shown that the V1 cortical responses to visual stimuli do not merely depend of their retinal sizes but already integrate other contractual information such as the perception of deepness. Third, there was a lack of orthogonality between the direction of the visual cue (left vs.
right) and the direction of the responses (also left vs. right). Non-orthogonal response mapping can lead to the misconception that actual crossmodal interactions are at work, whereas it might only be hemispheric activation, priming a congruent response [34] . However, the lack of crossmodal interactions in extrapersonal space in Experiment 2 proves that response priming cannot have (fully) explained the current results. Fourth, the detection and localization of tactile stimuli was measured as outcome variable, but not its rated intensity, impeding us to draw any conclusions on the size of changes in tactile sensitivity. Related to that, participants in our study did not experience pain nor did they undergo painful target stimuli, although this might often be the case in clinical examinations. The IVAO paradigm may be easily adapted to address these pertinent questions. Future research should especially meet the need for multisensory research in the context of pain. Despite the high current popularity of this topic, clear evidence is still lacking [41, 42] .
In conclusion, the current study provides evidence on the effect of nearby approaching movements on tactile detection accuracy. We developed the In Vivo Approaching Object paradigm as a straightforward and ecologically valid method to measure visuo-tactile interactions around the body. Our findings suggest that changes in tactile sensitivity due to approaching movements might not only occur in research settings, but also in medical settings. Top panels: close condition as seen in Experiment 1. Bottom left panels: far condition. The experimenter is seated at a further distance from the participant (left bottom panel), allowing a
